Introduction
Mycobacterium (Lehmann and Neumann 1896) , the type genus of the family Mycobacteriaceae (Chester 1897) can be distinguished from all of the other genera classified in the order Corynebacteriales by using a selection of genotypic and phenotypic methods (Goodfellow and Jones 2012) . The genus encompasses pathogenic and non-tuberculous mycobacteria (Magee and Ward 2012; Forbes 2017; Gcebe et al. 2017) which can be assigned to two groups based on growth rates. Slowly growing strains require 7 or more days of incubation at optimal temperature to produce visible colonies from highly diluted inocula whereas those of rapidly growing strains are evident in fewer than 7 days under comparable conditions (Wayne and Kubica 1986) . Polyphasic taxonomic procedures are now used to detect novel mycobacterial species, as exemplified by the delineation of species previously aggregated within the Mycobacterium abscessus and Mycobacterium avium complexes (Ben Salah et al. 2009; Tortoli et al. 2016) . Developments such as these are needed to detect the causal agents of mycobacterial infections and to establish the primary reservoirs of individual mycobacterial species within natural habitats (Tran and Dahl 2016; Shahraki et al. 2017) .
Environmental mycobacteria are common in aquatic and terrestrial ecosystems (Nishiuchi et al. 2017; Roguet et al. 2016) , including biofilms of water distribution systems (September et al. 2004; Feazel et al. 2009; Gomez-Smith et al. 2015) . This study was undertaken to establish the taxonomic status of two rapidly growing mycobacteria: strain CECT 8778 T (DSM 44756 T ) was isolated from a biofilm of a water distribution system and strain CECT 8779 T from marine sediment. A 16S rRNA gene sequence of strain DSM 44756 T (then coded BN 3150) was deposited in GenBank (Accession Number AJ580802) under the name ''Mycobacterium neglectum''. This code and species epithet have been used quite extensively in the literature (Thomas et al. 2008; Hussein et al. 2009; Jenkins et al. 2009; Salah et al. 2009; Loret and Greub 2010; Pontiroli et al. 2013; Nishiuchi et al. 2017) . However, at no stage has a formal description been given for ''M. neglectum'' hence this name has no standing in nomenclature (Rule 29 of International Code of Nomenclature of Prokaryotes [2008 revision]; Parker et al. 2015) . In the present polyphasic study, we provide the first formal description of Mycobacterium neglectum sp. nov., with the type strain CECT 8778 T , while a second novel species represented by strain CECT 8779
T is named Mycobacterium palauense sp. nov.
Materials and methods
Source, maintenance and cultivation of strains Strain CECT 8778 T , isolated from a biofilm of an underground drinking water system in Duisburg, Germany in 1999, and strain CECT 8779 T , isolated from a marine sediment collected from the Republic of Palau in 2004, were obtained from the Spanish Type Culture Collection. The strains, together with Mycobacterium aurum DSM 43999
T (Tsukamura 1966) , Mycobacterium austroafricanum DSM 44191 T (Tsukamura et al. 1983) , Mycobacterium mageritense DSM 44476
T (Domenech et al. 1997) and Mycobacterium vanbaalenii DSM 7251 T (Khan et al. 2002) were maintained as suspensions in 35% (v/v) glycerol at -80°C. Biomass for the chemotaxonomic and molecular systematic studies on the isolates was cultured in shake flasks (200 revolutions per minute) of proteose peptone-meat extract-glycerol agar medium (PMG; DSMZ medium 250); after incubation at 28°C for 5 days, cells were harvested and washed three times in sodium chloride solution (0.9%, w/v). Cells for the chemotaxonomic analyses were freeze dried and stored at room temperature; wet biomass for the fatty acid analyses was prepared under the same conditions.
Phylogeny
Genomic DNA was extracted from strains CECT 8778 T and CECT 8779 T using the procedure described by Amaro et al. (2008) . The genomes of the strains were sequenced using an MiSeq instrument (Illumina), as described by Sangal et al. (2015) and assembled into contigs using SPAdes 3.9.0 with a kmer length of 127 (Bankevich et al. 2012) . Annotation of the genomes was achieved using the RAST pipeline available on the RAST server (Aziz et al. 2008 (Aziz et al. , 2012 . Complete 16S rRNA gene sequences of strains CECT 8778 T and CECT 8779 T were extracted from the draft genomes (accession numbers NVQE00000000 and NVQF00000000, respectively) and deposited in GenBank under accession numbers MF769621 and MF769712. Corresponding 16S rRNA gene sequences of the type strains of closely related Mycobacterium spp. were retrieved from the EzBioCloud server (Yoon et al. 2017 ) and pairwise sequence similarities calculated using the Genome-to-Genome Distance Calculator (GGDC) web server (MeierKolthoff et al. 2013a, b) . Phylogenies derived from the 16S rRNA gene sequences were inferred using the GGDC web server adapted to single genes (MeierKolthoff et al. 2014) . Multiple sequence alignments were generated using MUSCLE software (Edgar 2004 ) and a maximum-likelihood (ML) tree inferred from the alignment with RAxML (Stamatakis 2014) using rapid bootstrapping together with the auto Maximal-Relative-Error (MRE) criterion (Pattengale et al. 2010) . Similarly, a maximum-parsimony (MP) tree was inferred from the alignments with the 'Tree analysis New Technology' (TNT) program (Goloboff et al. 2008 ) using 1000 bootstraps together with tree bisection and reconnection branch swapping and ten random sequence replicates. The sequences were checked for computational bias using the X 2 test implemented in PAUP* (Phylogenetic Analysis Using Parsimony) (Swofford 2002) .
Partial sequences of three housekeeping genes, hsp65 (heat shock protein), rpoB (RNA polymerase beta subunit) and recA (recombination protein A) (McNabb et al. 2004; Ramaprasad et al. 2016) , were drawn from the draft genomes of strains CECT 8778 T and CECT 8779 T and deposited in GenBank under the accession numbers MF774022, MF774023, MF774024, MF77402, MF774026, MF774027, respectively. A multilocus sequence analysis (MLSA) tree was generated from 3257 nucleotides (nt) of concatenated sequences of the three housekeeping genes and corresponding 16S rRNA gene sequences and ML and MP trees inferred as described above. In addition, a neighbour-joining (NJ) tree (Saitou and Nei 1987) was generated from the MEGA 7 software package (Kumar et al. 2015) . The alignment of the concatenated sequences and the corresponding evolutionary distances were carried out using CLUSTAL W software (Thompson et al. 1997 ) and the Kimura two parameter model (Kimura 1980) Rodriguez and Konstantinidis (2016) . Similarly, digital DNA-DNA hybridization (dDDH) similarities were determined between the two strains and their close phylogenetic neighbours using the GGDC server (Meier-Kolthoff et al. 2013a ).
Chemotaxonomy
The chemotaxonomic profiles of strains CECT 8778 T and CECT 8779 T and their respective close phylogenetic neighbours were determined using standard thin-layer chromatographic procedures. To this end, the strains were examined for diaminopimelic acid isomers (A 2 pm) (Staneck and Roberts 1974) , predominant menaquinones (Collins 1985) , mycolic acids (Minnikin et al. 1980) , diagnostic sugars (Lechavalier and Lechevalier 1970) and polar lipids (Minnikin et al. 1984) . In addition, cellular fatty acids were extracted from freeze dried biomass of the strains and fatty acid methyl esters (FAMES) prepared following saponification and methylation using the procedure introduced by Miller (1982) , as modified by Kuykendall et al. (1988) . The FAMES were analysed by gas chromatography (Agilent 6890 instrument) and the resultant peaks automatically integrated. The identities of the fatty acids were determined using the standard Microbial Identification (MIDI) System, version 4.5, and the Myco 6 database (Sasser 1990 ).
Growth and cultural properties
Strains CECT 8778 T and CECT 8779 T were examined for their ability to grow and form colonies and pigments on glucose-yeast extract-malt extract agar (GYM, DSMZ medium 65), Löwenstein-Jensen (LJ) medium (Jensen 1932) , Middlebrook 7H10 agar supplemented with oleic acid, albumin dextrose and catalase (MB7H10, Lorian 1968), proteose peptonemeat extract-glycerol agar (PMG; DSMZ medium 250) and tryptic soy agar (TSA, MacFaddin 1985) for 14 days at 4, 10, 20, 25, 28 and 42°C under light and dark conditions. The strains were also examined for acid-alcohol-fastness using the Ziehl-Neelsen method (Runyon et al. 1980 ) and for their ability to grow on PMG agar under anaerobic conditions at 28°C using an anaerobic bag system (Sigma-Aldrich 68061).
Phenotypic tests
The two strains and their close phylogenetic neighbours were examined for phenotypic tests found to be useful in mycobacterial systematics (Magee and Ward 2012; Nouioui et al. 2017 ). The strains were tested for their ability to use sole carbon and sole nitrogen sources, to grow in the presence of several concentrations of sodium chloride, at a range of pH values and in the presence of antibiotics using GENIII microplates and an Omnilog device (BIOLOG, Hayward, CA).
The tests were carried out in duplicate using freshly prepared inocula (OD 600 -0.3-0.6) harvested from the mid-logarithmic growth phase of PMG agar plates incubated at 28°C for 7 days. The resultant data were exported and analysed using the opm package version 1.3.36 (Vaas et al. 2012 (Vaas et al. , 2013 . The strains were also examined for their ability to produce arylsulfatase after 3 and 14 days (Tomioka et al. 1990 ), catalase (Palomino et al. 2007 ) and heat stable catalase (Sequeira de Latini and Barrera 2008) and for niacin accumulation (Kent and Kubica 1985) , resistance to potassium tellurite (Kent and Kubica 1985; Kilburn et al. 1969) , degradation of Tween 80 (Ribón 2012) and urea hydrolysis (Palomino et al. 2007 ) using the media and incubation conditions described in these references. All of these tests were carried out in duplicate using the standard inoculum.
Results and discussion
The chemotaxonomic, growth and staining properties of strains CECT 8778 T and CECT 8779 T were shown to be consistent with their classification in the genus Mycobacterium (Magee and Ward 2012) . The organisms were found to be strictly aerobic, Gram-positive, acid-alcohol fast, rapid growing, rod-shaped bacteria which contain meso-diaminopimelic acid, arabinose, galactose, glucose, rhamnose and ribose in whole organism hydrolysates (wall chemotype IV sensu Lechevalier and Lechevalier 1970) ; mixtures of saturated, unsaturated and 10-methyl octadecanoic (tuberculostearic) fatty acids; mycolic acids; dihydrogenated menaquinones with nine isoprene units (MK9(H 2 )) as the predominant isoprenologue; and a polar lipid profile that includes diphosphatidylglycerol, phosphatidylethanolamine (diagnostic phospholipid), phosphatidylinositol, as well as a glycophospholipid and glycolipids (phospholipid type II; Lechevalier et al. 1977) . Both strains were found to produce unpigmented colonies under both light and dark conditions on LJ, MB7H10, PMG and TSA plates after 5 days at 28°C; moderate growth was observed at 20, 25 and 37°C; optimal growth was detected at 28°C on GYM, MB7H10 and PMG agar after 5 days. The strains were unable to grow on any of these media at 4, 15, 42, or 45°C or under anaerobic conditions at 28°C on PMG agar. Strain CECT 8778
T and its near phylogenetic neighbours, M. aurum DSM 43999 T , M. austroafricanum DSM 44191
T and M. vanbaalenii DSM 7251
T , share several features; they are all acid acid-alcohol fast, rapid growing bacteria that grew on MB7H10 and PMG media at 28°C though only the test strain formed non-pigmented colonies. Strain CECT 8779
T and M. mageritense DSM 44476 T were found to have very similar cultural and morphological traits though only the latter grew at 22, 30, 37 and 45°C on LJ media (Domenech, et al. 1997) .
The pairwise 16S rRNA gene similarities between strain CECT 8778 T and M. aurum NCTC 10437 T , M. austroafricanum DSM 44191 T , Mycobacterium pyrenivorans DSM 44605 T (Derz et al. 2004 ), Mycobacterium vaccae ATCC 25954
T (Bönicke and Juhasz 1964) and M. vanbaalenii PYR-1 were found to be 99.2, 99.3. 98.6, 98.9, 99 .2%, respectively. It can be seen from Fig. 1 that the two strains were found to be well separated from the type strains of the remaining fast growing Mycobacterium species. Strain CECT 8778
T was shown to form a distinct branch at the periphery of a well-supported subclade that included all of the organisms cited above. In turn, the pairwise 16S rRNA gene similarities between strain CECT 8779 T and the type strains of M. mageritense, Mycobacterium peregrinum ATCC 14467
T (Kusunoki and Ezaki 1992) and Mycobacterium wolinskyi ATCC 700010 T (Brown et al. 1999 ) were found to be 98.8, 98.8 and 98.9%, respectively; strain CECT 8779 T formed a well defined branch in a subclade that also contained these organisms, albeit one that was supported by a high bootstrap value only in the ML analysis. It can also be seen from Fig. 1 that all of the rapidly growing strains were sharply separated from the type strain of Mycobacterium tuberculosis (Zopf 1883; Lehmann and Neumann 1896), the type species of the genus.
The MLSA trees based on the sequences of the three housekeeping genes and the corresponding 16S rRNA sequences are shown in Fig. 2 ; this tree was inferred from 3257 nt, 604 of which were variable and 324 of which were parsimony-informative. The average bootstrap supports for the ML and MP trees were found to be 90.0% and 92.3%, respectively. It is evident from Fig. 2 Antonie van Leeuwenhoek the M. austroafricanum and M. vanbaalenii type strains than to the M. aurum strain though these relationships were not supported by high bootstrap values (Fig. S1 ).The phylogenetic trees based on the sequences of the individual housekeeping genes are shown in Figures S2-S4 Table S1 .
Strain CECT 8778 T and M. aurum NCTC 10437 T , M. austroafricanum DSM 44191 T and M. vanbaalenii PYR-1 T , currently its closest phylogenetic neighbours, were found to share dDDH similarities of 20.1, 21.1 and 21.1%, respectively, values well below the 70% cut off point recommended for the delineation of prokaryotic species (Wayne et al. 1987) . The corresponding ANI similarities between strain CECT 8778 T and the three strains mentioned above were found to be 78.4, 78.7 and 79.6%, values well below the 95-96% threshold used to distinguish between closely related species of prokaryotes (Goris et al. 2007; Richter and Rosselló-Móra 2009; Chun and Rainey 2014) . Similarly, the dDDH and ANI values between strain CECT 8779 T and M. mageritense DSM 44476 T , its current closest phylogenetic neighbour, were 20.9 and 79.1%, respectively, values well below the species thresholds cited above.
Identical results were recorded for all of the phenotypic tests that were carried out in duplicate. It can be seen from Table 2 that strains CECT 8778  T and  CECT 8779 T can be distinguished from one another and from their respective reference strains using a combination of phenotypic properties though it is apparent that all of these organisms share a common set of features. Strain CECT 8778 T , unlike the type strains of M. aurum, M. austroafricanum and M. vanbaalenii, was shown to grow in the presence of tetrazolium blue and tetrazolium violet and also differed from these strains by its inability to utilise L-alanine, butyric acid, a-hydroxy-butyric acid, aketo-butyric acid, galactose, glycerol, L-lactic acid, pectin and sucrose or to grow in the presence of lithium chloride, nalidixic acid and sodium chloride (up to 8%, w/v (Minnikin et al. 1985; Magee and Ward 2012) . In the present study, the test strains were found to have different mycolic acid profiles: strain CECT 8778 T was shown to contain a-and decarboxy-mycolates and strain CECT 8779 T a-, keto-and methoxymycolates. This latter pattern serves to distinguish strain CECT 8779 T from M. mageritense DSM 44476 T which is characterised by the presence of a-, a'-and epoxy-mycolates (Domenech et al. 1997) . Similarly, the mycolic acid profile distinguishes strain CECT 8778 T from M. aurum DSM 43999 T and M. austroafricanum DSM 44191 T as these strains have a-and keto-mycolates and wax esters (Minnikin et al. 1985; Magee and Ward 2012) . Similarly, complex polar lipid pattern of strain CECT 8778 T serves to distinguish it from both strain CECT 8779 T and from the type strains of M. aurum, M. austroafricanum and M. vanbaalenii; all of these strains were found to contain diposphatidylglycerol, phosphatidylethanolamine (diagnostic lipid), phosphatidylinositol and glycophospholipids. Strain CECT 8779 T , unlike its near phylogenetic neighbour, M. mageritense DSM 44476 T , was shown to have a lipid pattern that lacked phosphatidylglycerol.
All of the strains produced complex mixtures of straight-chain saturated, unsaturated and 10-methyloctadecanoic (tuberculostearic) fatty acids, a profile typical of members of the genus Mycobacterium (Magee and Ward 2012 T were found to have major proportions ([ 10% of total fatty acid) of C 16:0 (13.3-72.6%), C 18:1 x9c (7.6-19.7.0%) and summed features 2 (12.6-43.2%) and 3 (12.3-16.8%) though the predominant component varied (Table 3 ). The fatty acid profiles of CECT 8778
T and the type strain of M. vanbaalenii were distinct; the test strain, for instance, produced higher proportions of summed feature 2 (43.2 against 27.6%). Even greater differences were found between the fatty acid profiles of CECT 8778 T and M. aurum DSM 43999 T ; the latter, for instance, was especially rich in C 16:0 (25.4% against 13.3.0%). Marked differences were found between the fatty acid profiles of strain CECT 8779
T and M. mageritense DSM 44476 T as the former contained moderate proportions of C 16:1 x9c and summed features 2 and a lower amount of C 16:0 (25.1 against 40.0%) ( Minnikin et al. (1985) , Magee and Ward (2012) ; **data taken from Domenech et al. 1997 Antonie van Leeuwenhoek Description of Mycobacterium neglectum sp. nov.
Mycobacterium neglectum (neg.lec'tum. L. adj. neglectum, neglected refecting the history of the strain). Strict aerobe, Gram-stain positive, acid-alcohol fast, rapid growing organism which forms unpigmented colonies after growth on Middelbrook 7H10, proteose peptone-meat extract-glycerol and LJ media following incubation under light and dark conditions for 5 days at 28°C. Grows between 25 and 28°C, optimally at 28°C and at pH 7. Produces arylsulfatase after 3 and 14 days, catalase, nitrate reductase, urease and grows in the presence of potassium tellurite. Additional phenotypic data are given in the text and in Table 1 . Whole cell hydrolysates are rich in mesodiaminopimelic acid, arabinose, galactose, glucose, ribose and rhamnose; the polar lipid profile contains diphosphatidylglycerol, glycophospholipids (GPL 1-2 ), phosphatidylethanolamine, phosphatidylinositol and a glycolipid; MK9 (H 2 ) is the predominant menaquinone and the major fatty acid is C 17:1 x7c/18 alcohol. Contains a-and decarboxy-mycolic acids. The DNA G ? C content determined from the draft genome of the type strain is 65.3 mol %.
The type strain, CECT 8778 T (= BN3150 T = DSM 44756 T ) was isolated from a biofilm of an underground drinking water system in Germany. The Genbank accession number of the draft genome sequence of strain CECT 8778 T is NVQE00000000.
Description of Mycobacterium palauense sp. nov.
Mycobacterium palauense (pa.lau.en'se N.L. neut. adj. palauense referring to the Republic Palau, the source of the strain). Strict aerobe, Gram-stain positive, acid-alcohol fast, rapid growing organism which forms unpigmented colonies after growth on Middelbrook 7H10, proteose peptone-meat extract-glycerol and LJ media following incubation under light and dark conditions for 5 days at 28°C. Grows between 25 and 28°C, optimally at 28°C and at pH 7and in the presence of up to 8% w/v NaCl. Produces arylsulfatase after 3 and 14 days, catalase, accumulates niacin, degrades Tween 80 and grows in presence of potassium tellurite. Additional phenotypic data are given in the text and in Table 1 . Whole cell hydrolysates are rich in mesodiaminopimelic acid, arabinose, galactose, glucose, ribose and rhamnose; the polar lipid profile contains diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, as well as glycophospholipids (GPL 1-2 ) and a glycolipid; MK9 (H 2 ) is the predominant menaquinone and the major fatty acids are C 16:0 and C 18:1 x9c. Contains a, keto-methoxy mycolic acids. The DNA G ? C content determined from the draft genome of the type strain is 69.4 mol %.
The type strain, CECT 8779 T (= DSM 44914 T ) was isolated from marine sediment from the Republic of Palau. The Genbank accession number of the draft genome sequence of strain CECT 8779 T is NVQF0000 0000. 
